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Applicant 

D.J. VAN DER HAVE B.V. et al . 



This International Search Report nas been prepared by this internationat Searching Authority and is transmitted to the applicant 
according to Article 18 A ccpv being transmitted to the International Bureau 


This international Search Report consists of a total of 4 sheets 




1 X i 1^ also accorripanied by a 


copy of each priorart document cited \n this report. 




Certain claims were found unsearchable see Box 1 ) 


2, 


! Unity of invention is lacking(see Box II) 


3 


The international application contains disclosure of a nucleotide and/or amino acid sequence listing and the 

international search -vas earned out <jn the basis of the sequence listing 






filed Aith the international application. 






furnished by the applicant separately from the international application. 

1 1 but not accompanied by a statement to the effect that it did not include 

matter going beyond the disclosure in the international application as filed 
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Transcribed by this Authority 
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With regard to the title. 


the text IS approved as submitted by the applicant 




□ 


the text has been established by this Authontyto read as follows: 
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With regard to the abstract. 








the text IS approved as submitted by the applicant 




n 


the text has been established, according to Rule 38.2(b), by this Authority as it appears in 
Box III. The applicant may, within one month fromthe date of mailing of this International 
Search Report, submit comments to this Authority. 
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The figure of the drawings to be published with the abstract is: 




Figure No. 

□ 


as suggested by the applicant. None of the figures, 
because the applicant failed to suggest a figure. 




□ 


because this figure better characterizes the invention. 
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Soe Notification of TransmiOaJ of Intef national 
FOR FURTHER ACTION ProHminaryr Examination Report (Fonn PCT/lPEA/416) 



International fifing date (day/month//9ar} 
14/05/1998 



Priority date (day/tnonth/year) 
14/05/1997 



Iniernational Patent Classificalion (IPC) or national dassrfication and iPC 
C12N15/29 



Applicant 

D J VAN DER HAVE B.V. ©t al. 



1 . This international preliminary examination report has been prepare by this tnlernalional Preliminary Examining Authority 
and IS tranamlfted to the applicant according to Article 36. 

2 This REPORT consists of a total of 7 sheets, including this cover sheet, 

S This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a folaf of 2 sheets. 



3. Thb report contains indications relating to the following Hems: 



1 




(1 


□ 


III 


□ 


IV 




V 




VI 


□ 


VII 


□ 


VIII 





Lack of unity of Invention 

Reasoned statement under Article 35(2) with regard t 
citations and explanations suporting such statement 



VIII S Certain observations on the international application 



Date of submission of the demand 
10/12/1998 



Name and mailing address of the internotional 
prehmmary examintrg authority 

European Patent Office 
D-8029a Muntch 

Tel (+49-89) 2399-0 Tx 523656 epmu d 
Fax (*49 89) 2399-4465 



Data of completion ot this report 



Authonzed officer 
Kalsner, I 

Telephone No (+49 89) 2399 8/08 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



IntQmatjonal applicalion No. PCT/IB98/00821 



I. Basis or the report 

1 This report has been drawn on the basis of {substitute sheets which have boon fumishod to the receiving Office m 
response to an invitation under Afiicfe 14 are referred to in this report as 'originally filed'' and are not annexed to 
the report since they do not contain amendments ): 



Description, pages: 

1 -35 as originally filed 



Claims, No.; 
1 17 



as recdived on 



1 6/07/1 999 With letter of 



05/07/1999 



Drawings, sheets: 

1/9-9/9 as originally filed 



2. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ thQ claims, Nos.; 

□ the drawings, sheets: 

3. □ This report has been established as It (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70,2(c)); 



4. Additional observations, if necessary: 



(V. Lack of unity of invention 

1 . in response lo the invitation to restrict or pay additional fees the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

[ ) neither restricted nor paid additional fees. 



.t( 1 w Inn i Tt V 1 '^'^•1 * 
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INTERNATIONAL PREUMINARY 

EXAMINATION REPORT International application No. PCT/IB98/00821 



2. H This Authority found that th© requiromont of unity of invention Is not complied and chose, according to Rule 
68. 1 , not to invite the applicant to restrict or pay additional fees. 

3 This Authority considers that the requirement of unity of invention in accordance with Rules 13 1, 13.2 and 13 3 is 

□ complied with. 

S not complied with for the following reasons: 
see separate sheet 

4. Consequently, the following parts of the international application were the subject of intemational preliminary 
examination in establishing this report: 

S all parts. 

□ the parts relating to claims Nos. 



V. Reasoned statement under Article 3S(2) with regard to novelty, inventive step or industrial 
applicability; citations and explanations supporting such statement 



1. Statement 



Novelty (N) 


Yes: 


Claims 


1-9, 11-17 




No; 


Claims 


10 


Inventive step (IS) 


Yes: 


Claims 


1-4, 6.7. 13-17 




No; 


Claims 


5, 8-12 


Industrial applicability <IA) 


Yes: 


Claims 


1 17 




No: 


Claims 





2. Citations and explanations 

see separate she«t 



VIII, Certain observations on the international application 

Tho tollowtng observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

sM separate sheet 
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INTERNATIONAL PRELIMINARY international application No. PCT/IB98/00821 
EXAMINATION REPORT - SEPARATE SHEET 



Ad Section IV: Lack of unity of Invention 

An international application must relate to one invention only or to a group of 
inventions so linked as to form a sinole general inventive concept . 

Unity of Invention is fulfilled only when there is a technical relationship among the 
inventions involving one or more of the same special technical features, special 
technical features being such features that define a contribution over which each 
of the claimed inventions, considered as a whole, makes over the prior art. 

In the present application the following inventions have been identified: 



1- Claims 1-4: 



relating to a process for modifying flowering in plants 



2, Claims 5-12 



relating to a plant gene construct comprising a DNA 
sequence for an ATH1 gene product, a transformed plant 
cell containing said construct and a plant comprising said 
plant cell 



3. Claims 13, 14: 



relating to a process for inhibiting over-expression of ATH1 
in plants 



4. Claims 15-17: relating to a plant in which the shade avoidance response is 

inhibited and a process for producing such plant 



The technical relationship between the subject-matter of these groups of claims 
can only be seen to be the gene encoding ATH1 protein. Since this gene is known 
in the state of the art (D1) the claims are no longer linked by a common inventive 
concept referred to above. The presently claimed subject-matter, thus, falls apart 
in the above groups of inventions which are not unitarian. 

As the examination of the present application could be carried out without undue 
effort, the IPEA chose, according to Rule 68.1 PCT, not to invite the applicant to 
restrict or pay additional examination fees. 
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INTERNATIONAL PRELIMINARY Intemationai application No. PCT/IB98/0082 1 
EXAMINATION REPORT - SEPARATE SHEET 

Ad Section V: Reasoned statement with reoard to novelty, inve ntive step or 
industrial applicat>ilitv 

1 ) Amendments 

The amendments filed with the letter of 5 July 1999 are formally allowable under 
Art, 34(2)(b) PCX. 

2) Documents 

D1...Quaedvlieg et al. (1995) The Plant Cell 7: 117-129 

D2...WO-A-9614414 

D3...WO-A-9710339 

D1 describes the characterisation of the homeobox gene ATH1 of Arabidopsis. In 
additional experiments the coding region of the ATH1 gene with the leader 
sequence was put under the control of a cauliflower mosaic virus 35S promoter 
and introduced in Arabidopsis (p. 124. left col., line 31 - right col., line 4). 

3) Novelty (Inventions 1 and 2) 

3.1) Claim 10 does not meet the requirements of Art. 33(2) PCT in view of D1, as a 
known product is not rendered novel by producing it by a new process. 

3.2) Claims 1-4 relating to a process for modifying flowering in plants, claim 5 relating 
to a plant gene construct comprising a complete or partial DNA sequence coding 
for an ATH1 gene product under an inducible promoter, claims 6 and 7 relating to 
a plant gene construct comprising a complete or partial DNA sequence coding for 
an ATH1 gene product which product inhibits production of ATH1 protein and 
claims 8 and 9 relating to plant cells and a plant containing such construct as well 
as claims 11 and 12 meet the requirements of Art. 33(2) PCT. 

4) Inventive step 

4 1 ) Claim S does not meet the requirements of Art. 33(3) PCT as a plant gene 
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INTERNATIONAL PRELIMINARY intemationat appllcalion No. PCT/IB98/00821 
EXAMINATION REPORT - SEPARATE SHEET ^, 

product comprising a complete or partial DNA sequence coding for an ATH1 gene 
is known in the prior art (D1 ). The only difference between the plant gene 
construct disclosed in D1 and the construct of present claim 5 lies in the promoter 
which is constitutive in the gene construct of D1 and inducible in the gene 
construct o1 claim 5. As various promoters (inducible and constitutive) are well 
known in the prior art, a plant gene construct that differs from known gene 
constructs only by the presence of an inducible instead of a constitutive promoter 
cannot be regarded to involve an inventive step. 

Claims 8-12 do not meet the requirements of Art. 33(3) PCT as the provision of 
plant cells or a plant containing a construct which is not inventive is considered 
obvious. 

4.2) Claims 1-4. which are directed to a process for modifying flowering in plants 
which comprises transforming the plants with a construct comprising a complete 
or partial DNA sequence coding for an ATH1 gene product, meet the 
requirements of Art. 33(3) PCT. 

Even though processes for modifying flowering in plants have been described in 
the prior art (e.g. 02, D3) these documents do not disclose or suggest that the 
gene encoding ATHI protein could be used for modifying flowering in plants. 

Claims 6 and 7 are considered to meet the requirements of Art. 33(3) PCT as a 
plant gene construct comprising a complete or partial DNA sequence which 
product inhibits the production of ATHI protein has not been disclosed nor 
suggested in the available prior art. 

5) Novelty and inventive step (Inventions 3 and 4) 

Claims 13 and 14 meet the requirements of Art. 33(2) (3) PCT as a process for 
inhibiting over-expression of ATHI In a plant which had been transformed in order 
to over-express ATHI protein has not been disclosed or suggested in any of the 
available prior art. Note, however, objections regarding clarity in Section V! 

Claims 15-17 which refer to a plant in which the shade avoidance response is 
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INTERNATIONAL PREUMINARY 



International application No. PCT/IB9a/0082 1 



EXAMINATION REPORT - SEPARATE SHEET 



inhibited by inhibition of the formation of ATH1 protein and a process for 
producing such a plant meet the requirements of Art. 33(2)(3) PCT as the subject- 
matter of these claims is not disclosed nor suggested in the available prior art. 

6) Priority 

The validity of the priority date of the present application has not been checked, if, 
however, the claimed priority is not valid, the documents cited in the International 
Search Report as "P" (Proveniers et al., 1997) would have to be considered for 
assessment of novelty and inventive step of the claims which do not enjoy priority. 

Ad Section VIM: Certain observatjons on the international application 

Claim 13 does not meet the requirements of Art. 6 PCT for the following reason: 

Claim 13 relates to a process for inhibiting over-exoression of ATH1 in plants 
claimed in any of claims 9-12. Claims 9 and 10, however, refer back to claims 1-3, 
6, and 7 (among others) which include gene constructs which are designed to 
inhibit the production of ATH1 in plants. Thus the dependencies of claims 13 and 
14 are not considered clear. 
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WE CLMM: 

1. A process for modifying flowering in plants which comprises 
transforming the plants with a construct comprising a complete 
or partial DNA sequence coding for an ATHl gene product under 
the control of a promoter functional in plants. 

2. A process as claimed in claim 1 whereby the flowering 
process in plants is promoted by transforming the plants using 
a construct that inhibits the production of ATHl protein. 

3. A process as claimed in claim 2 in which the construct is 
adapted to express RNA antisense to RNA produced by the ATHl 
gene . 

4. A process as claimed in claim 1 whereby the flowering 
process in plants is retarded by transforming the plants using 
a construct that promotes the production of recombinant ATHl 
protein, 

5. A plant gene construct useful in the process of claim 1 
which comprises a complete or partial DNA sequence coding for 
an ATHl gene product under the control of an inducible promoter 
functional in plants . 

6. A plant gene construct useful in the process of claim 2 
which comprises a complete or partial. DNA sequence coding for 
an ATHl gene product under the control of an promoter 
functional in plants, which product inhibits the production of 
ATHi protein. 

7. A plant gene construct as claimed in claim 6 in which the 
gene product is antisense RNA- 
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8. Transformed plant cells containing constructs claimed in 
any of claims 5-7. 

9. A plant containing plant cells claimed in claim 8. 

10. A genetically modified plant produced by the process 
claimed in any of claims 1-4. 

11. A plant claimed in claims 9 or 10 which is a crop plant. 

12. A plant as claimed in claim 11 which is rice, maize, wheat, 
barley, oats, rye, lettuce, endive, oilseed rape (canola), 
sugar beet, sunflower, soya or sorghum. 

13. A process for inhibiting over-expression of ATHl in plants 
claimed in any of claims 9-12 which comprises treating the 
plants with a gibberellin, 

14. A process as claimed in claim 13 in which the gibberellin 
is A3 or A4/A7_ 

15. A plant in which the shade avoidance response is inhibited 
by the action of a transgene coding for a gene product that 
inhibits the formation of ATHl protein. 

16. A plant as claimed in claim 16 in which the transgene is a 
construct adapted to express antisense RNA. 

17. A process for producing a plant as claimed m claims 15 or 
16 which comprises: 

transforming cells of a plant showing a shade avoidance 
response with a plant gene construct claimed in claim 7; and 
regenerating plants from said transformed plant cells. 

twr 5 July 1999 
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WE CLAIM: 

L A plant gene ccnstruct ccrr.prisinc a complete or partial 
DKA sequence coding for an ATHl gene product under the 
5 control of a promoter functional m plants. 

2. A plant gene construct as claimed m claim 1 in which 
the promoter is heterologous. 

10 3. A plant gene construct as claimed in claim 2 in which 
the promoter is constitutive. 

4. A plant gene construct as claimed in claim 2 in which 
the promoter is inducible. 

15 

5. A plant gene construct as claimed in any of claims 1-4 
in which the complete or partial DNA sequence is homologous 
with the DNA sequence shown in Figure 1, 

20 6. A plant gene construct as claimed in any of claims 1-5 
which is adapted to express RNA antisense to RNA produced 
by the ATKl gene. 

7. A plant gene construct as claimed in any of claims 1-5 
25 which is adapted to express RNA homologous to RNA produced 

by the ATHl gene. 

8. A plant cell transformed with a DKA construct claimeo 
in any of claims 1-7. 

30 

9. A plant cell as claimed in claim 8 adapted to express 
RNA that produces recom±)inant ATHl protein in the cell. 
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10. A plant cell as claimed in claim 8 adapted to express 
RNA that inhibits the prcducticn of ATHl protein m the 
cell. 



5 11. A plant comprising transformed plant cells as claimed 
m any of claims 8-10. 

12. A plant as claimed in claim 11 which is a crop plant. 

10 13. A plant as claimed in claim 12 which is rice, maize, 
wheat, barley, oats, rye, lettuce, endive, oilseed rape 
(canola), sugar beet, sunflower, soya or sorghum. 

14. A plant as claim.ed in either of claims 12 or 13 
15 adaptegl to produce recombinant ATHl protein. 

15. A process for modifying flowering in plants which 
comprises transforming the plants with a construct as 
claimed in any of claims 1-5. 

20 

16. A process as claimed in claim 15 whereby the flowering 
process in plants is promoted by transforming the plants 
with a construct claimed in either of claim.s 6 or 7 that 
inhibits the production of ATHl protein. 

25 

17. A process as claimed in claim 15 whereby the flowering 
process in plants is retarded by transforming the plants 
with a construct claim.ed in claim 7 that promotes the 
production of recombinant ATHl protein. 

30 

18. A process for inhibiting over-expression of ATHl in 
plants claimed in clairri 14 which comprises treating the 
plants with a gibberellin. 
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19. A process as claimed in claim 18 in which the 

gibberellin is A3 or A4/A7. 

2C. A plant DNA construct comprising the ATHl promoter 

linlced to heteroloccus DNA so as to cause transcription 
thereof in plant cells. 

21. Plant cells transformed with a construct claimed in 
claim 20 . 

22. A plant lacking a shade avoidance response 
comprising: a plant transformed with a transgene wherein 
said transgene induces a shade avoidance response in said 
transformed plant . 

23. A plant according to claim 22 wherein said 
transformed plant is formed from a wildtype plant which has 
a shade avoidance response. 

24 . A method of producing a transgenic plant that lacks 
the shade avoidance response of a wildtype plant, 
comprising : 

forming a construct having a complete or partial DNA 

sequence coding for an ATHl gene product ; 

transf orm.ing said wildtype plant material with said 

construct ; and 

forming plants therefrom. 
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PLANT GENE CONSTRUCTS AND THEIR USE 

The present inver.ricn reiaces ro novel plant gene 
constructs , and zo their use m controlling tne flowering 
5 of pianos. It foroher relates oc ^)lanos containing such 
cjnstructs . 

Plants differ from animals. The adult plant body is formed 
pC'St -embryonical ly by the continucus activity of the shoot 
10 and root apical meristems. The shcot apical meristem is 
established during plant embryogenesis and tocether with 
oityledons, hypoootyl, emcbryonic root and root meristem 
miakes up the oasis body plan. 

15 The shoot apical meristem starts as a cluster of about one 
Hundred cells and is the source of the whole aboveground- 
portion of the plant. During the vegetative phase of plant 
development this meristem gives rise to (a rosette of) 
leaves, stem, and quiescent axillary meristems. This is 

20 followed by the formation of secondary inflorescences, 
oaulme leaves and determinate floral meristems after 
floral induction. Flowering involves complex interactions 
of gene products that regulate a switch in shoot meristem 
identity. Factors determining the expression levels of 

25 these genes are genotype and environm.ental stim.uli, such as 
photoperiod, temperature and light quality. How the 
transition is affected by these stimtuli is still largely 
unknown . 

30 One of the most im.portant events m the plant life cycle is 
the decision to enter the reproductive phase. A wide range 
cf environm.ental and endogenous signals controls this 
transition cf the vegetative phase into the reproductive 
phase. Im.pcrtant signals are day length, temip^era ture 

35 ; vernalization) , nutrient and water availability and 
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several phyt cncrnicnes esc. gioberellm {GA). These signals 
induce a shift m vegetative apical nerisrer. identity, 
narr.ed the floral transition, and tnis transition 
estaclisnes tne inflorescence meristem. Whereas the product 
5 of tne vegetative apical xeristen:^. are leaf pr iir^.crdia , the 
inflorescence meriste- produces prirr.ordia that 
differentiate mtc^ secondary inflorescences during early 
generative develcr^ment and into flowers later in this 
stage. In plant breeding research, control of this process 
10 is a m.ost importanr goal for a variety of crops. This is 
especially true for rosette plants like lettuce, spinach 
and sugar beet, which show rapid stem elongation (bolting) 
following the floral transition, and this makes the crop 
useless . 

15 

The nransiticn from vegetative to reproductive growth is 'a 
critical developmental event, and because it is the first 
step of sexual reproduction it is of great importance in 
agriculture, horticulture, and plant breeding. Farmers may 

20 v;ish to advance or retard the time of flowering, or prevent 
it altogether: for example to prevent 'bolting' in e.q. 
letruces or sugar beet. A better understanding of the 
molecular biology of plant flowering will allow it to be 
controlled or influenced in a number of ways, giving 

25 important practical benefits to agriculture. 

In PCT Publication W096/14414, use of the Constans [CO) 
gene to modify flowering mechanisms in plants is disclosed. 

30 The present invention proposes a way of influencing a 

plant's transition from vegetative to reproductive growth, 
by providing transformed plants m which the transition is 
delayed, or brought forward, by expression of specific 
transgenes influencing this process. Such genes may be 

35 const itutively expressed, or expressed only in response to 
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sri.T-ulus, fcr example environmen-; 



5 ATHl is an Aratidopsis vhallana hcmecbcx gene. Ir is 

described by Quaedvlieg er al., in Plant Cell 7, 117-129, 
1595 (herein incorporated by reference) : its DNA sequence 
IS given m Figure 1 of that paper. It was isolated from 
a light-induced transcription factor collection. It is 
10 expressed m young seedlings and flowers. ATHl mRNA levels 
in etiolated seedlings are strongly light-dependent 
(t'hytochrome ) and are also light-adaptive. 

We have now established that the protein product of ATHl is 
15 involved in the developmental switch from vegetative to 
generative growth. As a result of ATH1::GUS studies and* 
initial 35S::ATH1 studies, we have deduced that ATKl has a 
function in the transition of the vegetative apical 
meristem to an inflorescence meristem. Specifically, ATHl 
20 acts as an ant i-gibberellin , by repressing GA synthesis or 
possibly the GA response pathway : Example 6 illustrates 
this . 

Our studies on ATHl : : GUS constructs have revealed that m 
25 young, light-grown seedlings ATHl is expressed in all three 
layers of the shoot apical meristem. and leaf primordia. In 
young , still developing leaves ATHl is expressed in 
vascular tissue. This expression disappears in developed 
leaves. Remarkably, ATHl meristem expression is restricted 
30 to the vegetative phase of development. As scon as 

Arabidopsis starts flowering (vegetative to generative 
transition) and the shoot apical meristem has become an 
inflorescence meristem., ATHl expression in the meristemc is 
downregulated . During the inflorescence phase .ATHl is at a 
35 low level expressed in developing vascular tissue of the 
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srerr. . Later m planr deveicprr.ert , v;hen flc'wers arise, ATHl 
IS expressed m different charts of the young flower 
(receptacle, sepals and vascular tissue of stamen). Our 
hypothesis that ATHl is involved m controlling the phase 
transition from vegetative to generative growth is further 
ccrrooMorat ed by the flowering time phenot\'pes of ATHl sense 
and antisense over-expressors. Plants ectopically 
O'Verexp-ressing antisense ATHl show an early- flov;ering 
rlnenotype: conversely, most plants carrying a sense ATHl 
ove rexores s ion construct are late flowering. A small 
r^roportion of the plants carrying the overexpress ion 
construct are, due to ATHl reduction by co-suppression, 
early flowering, like the antisense ATHl over-expressors, 
and the phenotype of these plants resembles that of the 
terminal flower mutant { Shannon and Meeks-Wagner , 1991) and 
the phenotypes of LEAFY- (Weigel and Nilsson, 1995), 
APETALA 1- (Mandel and Yanofsky, 1995) and CONSTANS 
(Putteril et al., 1995) over-expressors . Based on these 
results, combined with the ATH1::GUS data, we deduce that 
ATHl is involved in controlling the phase transition from 
vegetative to generative growth m Arabidopsis thaliana , 
and probably is a flowering time gene. 

In consequence, this transition may be promoted by 
inhibiting the expression of the ATHl gene: or retarded or 
prevented by promoting such expression. 

Accordingly, the present invention provides a plant gene 
construct comprising a ccm.plete or partial DNA sequence 
coding for an ATHl gene product under the control of a 
promoter functional in plants. The prom.oter is preferably 
heterologous. The invention further comprises plant cells 
transformed with a such a plant gene construct, and plants 
comprising such cells having modified flowering properties. 
The invention further coTiprises a process for modifying the 
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flowering process m plants by r r ans f orrr.i ng plants wrth a 
construct according to the invent ion . 

The use of gene s e c u e n c e s to. inhibit or promote gene 
5 expression is quite well understood. A complete gene 
sequence, under the control of a promoter that operates 
effectively in the plant, will generally cverexpress the 
gene product, leading to an amplification of the effect of 
the protein so produced. Sometim.es the gene product is 
10 reauceo: this phenomenon is term.ed ''co-suppression". 

Reduction of the gene product is also generally obtained by 
using a dom.inant negative m.utat ion, or by reversing the 
orientation of the gene sequence with respect tc- the 
promoter so that it produces ''antisense" messenger F.NA. 

15 

A DNA construct according to the invention may 
be an "antisense" construct generating ''antisense'' RNA or a 
"sense" construct (encoding at least part of the functional 
protein) generating "sense" RNA. "Antisense RNA" is an RNA 

20 sequence which is complementary to a sequence of bases in 
the corresponding mRNA: complementary in the sense that 
each base (or the majority of bases) in the antisense 
sequence (read in the 3' to 5' sense) is capable of pairing 
with the corresponding base (G with C, A with U) in the 

25 mcRNA sequence read in the 5' to 3' sense. Such antisense 
RNA may be produced in the cell by transformation with an 
appropriate DUA construct arranged to generate a transcript 
with at least part of its sequence complemtentary to at 
least part of the coding strand of the relevant gene (or of 

30 a DNA sequence showing substantial homology therewith) . 
"Sense RNA" is an RNA sequence which is substantially 
homologous to at least part of the corresponding mRNA 
sequence. Such sense RNA may be produced in the cell by 
transf orm.ation with an appropriate DNA construct arranged 

35 m the normal orientation so as to generate a transcript 
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wxth a sequence identical to at lease part cf the coding 
srrand cf the relevant gene (or of a DNA sequence showing 
substantial h:Tr;olocy therev;irh;. Suitable sense constructs 
n^,3\' be used to mnioit gene expression (as described in 
5 International Patent Publication WC91/0S299) or a sense 
cc'nstruct encoding and expressing tne functicnal protein 
may ce transformed into tne plant to over-express the 
protein. 

10 DMA csnstructs according to the invention may 

comprise a base sequence at least 10 bases (preferably at 
least 35 bases) in length for transcription into RNA. 
There is no theoretical upper limit to the base sequence - 
it may be as long as the relevant mRNA produced by the cell 

15 - but for convenience it will generally be found suitable 

to use sequences between 100 and 1000 bases in length. the 
preparation of such constructs is described in more detail 
below . 

20 As a source of the DNA base sequence for 

transcription, a suitable cDNA or genomic DNA or synthetic 
polynucleotide may be used. The isolation of suitable ATHl 
sequences from Arabidopsls is described in Quaedvlieg et 
al., above: similar methods may be used to isolate ATHl 

25 sequences from other plants. These may have greater or 
lesser degrees of homology with ATHl sequences from 
Arabldcpsis . Sequences coding for the whole , or 
substantially the whole, of the protein may thus be 
obtained. Suitable lengths of this DNA sequences may be 

30 cut cut for use by means of restriction enzymes. When 

using genomiic DNA as the source of a partial base sequence 
for transcription it is possible to use either intron or 
exon regions or a combination of both. 
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To cbtain ccnstrucrs suitable for mcdifying 
expression cf ATHl in piann cells, zhe cDNA sequence as 
found in the crctein cDNA or the cene sequence as fcund in 
tne- chrome scrr.e cf the plant rnay be used. Recor:±)inant DNA 

s cc-nstructs may re made using standard tecnnrques. For 

example, the DNA sequence fcr transcript ion may be cbtarnea 
by treating a vector containing said sequence with 
restriction enzym.es to cut out the appropriate segm.ent . 
The DNA sequence fcr transcription may also be generated by 

10 annealing and ligating synthetic c-1 igonucleot ides or by 
using synthetic oligonucleotides in a polym^erase chain 
reaction (PGR) to give suitable restriction sites at each 
end. The DNA sequence is then cloned into a vector 
containing upstream promoter and downstream termdnatcr 

15 sequences. If antisense DNA is required, the cloning is 
carried out so that the cut DNA sequence is inverted witn 
respect to its orientation in the strand from which it was 
cut . 



20 In a construct expressing antisense RNA, the 

strand that was formerly tne template strand becomes the 
coding strand, and vice versa. The construct will thus 
encode RNA in a base sequence which is complementary to 
part or all of the sequence of the protein mRNA. Thus the 

25 two RNA strands are complementary not only in their base 
sequence but also in their orientations (5' to 3'). 

In a construct expressing sense RNA, the 
temiplate and coding strands retain the assignm.ents and 
30 orientations of the original plant gene. Constructs 

expressing sense RNA encode RNA with a base sequence which 
is homologous to part or all of the sequence cf the mRNA. 
In constructs which express the functional protein, the 
whole of the ceding region of the gene is linked to 
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^iranscr^piiicnal conrrol sequences capable of expression m 
plants . 

For example^ consoructs according oo the 
5 oresent invenoicn may be T.ade as follows. A suitable 
vector ccnoaining the desired base sequence for 
transcription (such as the pATHl cDNA clone) is treated 
with restriction enzymes to cut the sequence out. The DNA 
strani so obtained is cloned (if desired, in reverse 
10 orientation) into a second vector containing the desired 
promoter sequence and the desired terminator sequence. 
Suitable promoters include the 35S cauliflower mosaic virus 
promoter and the tom.ato polygalacturonase gene promoter 
sequence (Bird et al, 1988, Plant Molecular Biology, 
15 11:651t662) or other developmentally regulated plant 

promoters. Suitable terminator sequences include that of 
the Aqrobacterium tumef aciens nopaline synthase gene (the 
nos 3 ' end) . 

20 In a DNA construct according to the invention, 

the transcriptional initiation region may be derived from 
any plant-operative prom.oter. The transcriptional 
initiation region may be positioned for transcription of a 
DNA sequence encoding RNA which is com.piem.entary to a 

25 substantial run of bases in a m.RNA encoding the ATHl 
protein (making the DNA construct a full or partial 
antisense construct) . 

The transcriptional initiation region (or 
30 prom.oter) operative in plants may be a constitutive 
promoter (such as the 35S cauliflower mosaic virus 
prom.oter) or an inducible or developmentally regulated 
prom.oter, as circum.st ances require. For example, it may be 
desirable to m.odify protein activity at certain stages or 
35 tne plant's development. Use of a constitutive prom.oter 
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v;ill rend zo affecr protein levels and functions m all 
parrs cf rhe planr, v;hile use of a tissue-specific prcrr.oter 
allcvvs more selective control cf gene expression and 
affecred functions. Thus the anrisense o^r sense RNA is only 
produced m the organ in which its action is required. 



The Dh^A constructs of the invention may be 
inserted into plants to regulate the expression of the ATHl 
aene resulting in modification c=f plant cnar act e r i s 1 1 cs (m 

10 particular flowering). Depending on the nature cf the 

construct , tne production of the ATHl gene product m.ay be 
increased, or reduced, either throughout or at particular 
stages in the life of tne plant. Generally, as would be 
expected, production of the protein is enhanced only by 

15 constructs which express RNA homologous to the 

substantially complete endogenous protein mRNAs . 
Full-length sense constructs may also rnhibit protein 
exoression. Constructs containing an incomplete DNA 
sequence shorter than that corresponding to the complete 

20 gene generally inhibit the expression of the gene and 

production of the proteins, whether they are arranged to 
express sense or antisense RNA. 

A DNA construct of the i.nvention is transformed 
25 into a target plant cell. The target plant cell may be 

part of a whole plant or may be an isolated cell or part of 
a tissue which may be regenerated into a whole plant. The 
target plant cell may be selected from any m.onocot yledonous 
or dicotyledonous plant species. Plants may be derived 
30 from the transformed plant cell by regeneration of 

t ransf crmants and by production of successive generations 



Constructs according to the invention may be 
35 used to transformi any plant using any suitable 
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t r a n s f o ma zicn technique ^ o make plants according to the 
invenrion. Eczh rr.Gnoco::y lecGncus and dicct yledcnous plant 
cells rrt a y be t r a n s f o r me d in various v; a y s Known to the a r o . 
In many cases such plani: cells icamcularly when tney are 
5 cells CI dicctyledcncus plants) may be cultured ro 

regenerate whole planes which sucsequently reproduce zo 
give successive generations of generically modified planes. 
An\' suitable merho-d of piano transf ormiation may he used. 
For exam.ple, dicotyledonous plants such as tomato and m;elGn 

10 m.ay be transformed by Agrobacterium Ti plasmid technc^logy, 
such as described by Bevan (1984, Nucleic Acid Research, 
12:3711-8721) or Fillatti et al (Biotechnology, July 1987, 
5:726-730). Such transformed plants m.ay be reproduced 
sexually, or by cell or tissue culture. Monocots may be 

15 transformed by use of the gene gun. Other m.ethods for plant 
transf orm.ation include microinjection and elect ropcrat ion . 

Examples of genetically modified planrs according to the 
present invention include cereals, for example rice and 

20 maize, wheat, barley, oats and rye. Other important seed 
products are oilseed rape (canola), sugar beet, sunflower, 
soya and sorghum. Most crops are grown annually from seed 
and the production of seed of any kind depends upon the 
ability of the plant to flower, to be pollinated and to set 

25 seed. In horticulture, control of the timing of flowering 
is important. Horticultural plants whose flowering may be 
controlled include lettuce, endive and vegetable brassicas 
including cabbage, broccoli and cauliflower, and carnations 
and geraniums. 

30 

The m.am characteristics of modified plants according to 
the invention are early or delayed flowering. Genotypes in 
which production of the ATHl protein is inhibited generally 
flower early: genotypes in which it is stimulated flower 
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laze . ether effects on plant phenotype r.ay also be 

observed, e.g. dwarf habit , for exaT.pl e in to^bacco . 

Cent r o 1 of the t ime of f lo-wer mg n^.ay be useful fo-r several 
5 reasons. For e x amp 1 e , f 1 C' w e r r n g ma y be controlled to 

provide flowers or fruit at the t rm.e most apoiropr late for 
m.ar ke t ing . In hybrid c^r o duct ion , f lever tng o f m.a le and 
female parents m.ay be co-ordinatec . It is m.ost convenient 
tC' GO' this by the use C'f inducible gene promc^ters, 
10 responsive to external stimiuli, for examx^le application of 
cnemicals . An example of such a promoter is the miaize 
glutathione-o-transferase i so form II gene prc>mot er , 
activated by application of a known herbicide safening 
agent (WO93/01294 to ICl) . 

15 

Bolting control may be economically important in several 
crop species. For example^ in sugarbeet, producing 
varieties which have a reduced tendency to bolt after cold 
treatment would be of great use. Processing factories 

20 could spread their activities over a longer period of time, 
with significant savings in overheads. Bolting-resistant 
varieties could be sown very early m the season 
(February) or even the year before in autumn (provided 
winter frost was not a problem) . Further, varieties in 

25 which bolting is increased may be bred faster: crossings 
may be carried out annually instead of biannually as at 
present . 

Early flowering sunflower would have an extended 
30 geographical range. It could be grown further north (north 
of Paris); and possibly in drier regions, e.g. parts of 
;pain, avoiding periods of drought later in sumimer. 



In vegetables, bolting may be co^ntrolled in for exam^ple 
35 lettuce and endive. This would allow growing the crop more 
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easily during suTir^er. Existing varieties tend to bolt 
rather racidly under su.Tor^er conditions. In grasses, reduced 
(or no) bolting is beneficial for fO'dder types (iit.provec 
feed quality) and amenity types (better quality lawns) . 

It will on o^ccasion oe of advantage to t in-.e the expression 
of tr^nsgenes to stop when flowering starts, or suppress 
natural l^^-cocurring genes until flow^ering starts. This may 
be cone using the ATHl promoter to control expression of a 
transgene, or transcription of DMA hcmioljgous to a natural 
gene. Accordingly it is a further separate feature of the 
invention to provide a DNA construct comprising the ATHl 
promioter linked to heterologous DNA so as to cause 
transcription thereof in plant cells: and plant cells 
transformed with such DNA constructs. 

ATHl is expressed in the vegetative apical meristem, and 
downregulat ion of this expression coincides with floral 
transition. Forced constitutive expression of ATHl results 
in a dramatic repression of floral transition both in 
Arabldopsis and tobacco: thus, in the case of Arabidopsis 
bolting is postponed. Conversely, repression of ATHl 
results in an early flowering phenotype. Our results 
suggest that ATHl exerts its function through modulation of 
GA biosynthesis or responsiveness. We expect the ATHl gene 
to be the basis of a particularly useful bolting control 
system . 

Day length and floral transition 

The floral transition has been particularly well 
investigated in Arabidopsis thaliana. This species has 
becom.e the model system for studying floral transition: at 
the genetic level through the isolation of flowering-time 
m.utants; and at the m.olecular level through cloning of 
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genes whose prcducrs par::icipare in zhe control of floral 
transition. Arahidcpsis is a typical rosette plant m which 
the vegetative leaves are closely spaced doe to reduced 
mternode elongation. Upon floral transition the newly 
5 formed mternodes rapidly eio.ngate ( 'bol t i.ng' ) . In most 
Arabldopsis ecctypes day length is of majC'r impO'rtance in 
determining floral transition. Arahidcpsis is a 
facultative long day (LI') plant, which m.eans that floral 
transiticn is hastened cy long days (16 hc^urs light /Shears 

10 dar< cycle), but there is no obligate requirement for it. 

Under long day (LD) conditicns floral transition is rapidly 
initiated and only a few rosette leaves are formea {--7 
leaves, 16-20 days for the Col-0 ecotype). When grown 
under short days (SD), e.g. 8 hrs light/16 hrs dark, floral 

15 transitic^n takes m.uch longer (-60 days) and a full leafy 
rosette is formed which can have in excess of --30 rosette 
leaves (Col-0 ecotype) . 



Gibberellic acid (GA) and floral transition 

20 

It has been known for a long time that GA treatment 
promotes floral transition in a variety of plant species. 
Most species in which applied GA can induce flowering are 
long-day or cold-requiring plants, and many of these 

25 normally grow as rosettes under non-inductive conditions. 
Moreover, several experiments suggest that endogenous GA 
levels are involved in controlling floral transition: 
conditions that induce floral transitions can exert their 
effect through elevation of endogenous GA levels probably 

30 at or near the apical meristem. 

Arabldopsis mutants defective m GA biosynthesis (GA 
series) or insensitive to this hormone (GAI series) shov; a 
late flowering phenotype under non-inductive conditions and 
35 moreover, the severe GAl-3 mutant is also late flowering 
uncer inductive conditions (Wilson et al., 1992). 
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Involvement of GA in ATHl control of floral transition 

We tesred whernei: exogeno;:s GA can cverccr:^e rhe mhibircry 
5 effect of cons r i rut ^ve ATHl expression in tc^baccc . Moso 
remarkably, GA spraying was able ro ' rescue ' rhe late 
flov;ering phencoype in consoiruoive ATHl expressers in 
tot'acco. A.n mvolvemeni of GA was also indicated by the 
reauced incerncde elongation plnenotype in the tobacco A.THl 

10 expires sers . These findings suggest that ATHl functions as 
a repressor of GA biosynthesis or, alternatively, of GA 
responsiveness. The dominant effect c-f ATHl over- 
expression on floral transition in combination with the 
reversion of this effect by exogenously added GA suggests 

15 several uses in a variety of crops. This is especially 

interesting since deregulated expression of A.THl does not 
lead to pleiotropic phenotypes and reversion of the 
overexpression phenotype is complete. Complete rescue 
means that there will be no problems regarding reproduction 

20 or multiplication of ATHl- t ransf ormant s : thus maintaining 
the transgenic lines, which can be a serious problem with 
flowering mutants, is strait forward . Using the GA. switch, 
plants can be reversed to wild-type development at any 
moment, plants flower normally, and there is a normal seed 

25 set. 

Accordingly, it is a further feature of the invention to 
inhibit over-expression of ATHl m plants genetically 
modified according to the invention by treating the plants 
30 v;ith a gibberellin, for exam^ple gibberellm A3 or A4/A7. 

Increase of harvest index 

When plants grow in close proximity, shade -avoidance 
35 syndrc-miO, in which plants react to far-rea radiation 
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r e f 1 e c t: e d f r cm ne:.ghbors, is rnanifested. This tiC s :: 
ODvicusiy results m a rapid and aran^Latic increase rn the 
e :-: i: e n 3 i n growth of s r err. s and pe ri o i e s at the expense of 
leaf growth , storage c^ rgan product ic^n , and rep reduce ive 
deve iopment . It o s Known that by o^ve r expr e s 3 ion of phyA 
genes in tooacco the snade-avoi canoe response can be 
3ver ::ome , resulting in an increased harveso index ( Robs on 
et al., 1996). Harvest index is expressed as leaf biC'inas: 
as a pro:pcirtion of total biomass. C^verexpression of ATHl 
in t Dbaccct causes a reduction in stem growth , whi le leaf 
growth and number stay unaffected or even increase compare 
to wild type. As ATHl overexpress ion phenotypes and p^hyA 
overexpression phenotypes are s imi lar , this suggests us in- 
ATHl overexpression to increase harvest index in crops . 
The invention will be further described with reference to 
the following Examples and Experiments , which illustrate' 
certain aspects of our invention : and with respect to the 
drawings, in which: 

Figure 1 gives the DNA sequence of ATHl cDNA; 

Figure 2 is a diagram of the plasmid pW?90; 

Figure 3 is a diagram of the plasmid pMOG23; 

Figure 4 is a diagram of the plasmid pVDH2 7 5 ; 

Figure 5 is a bar graph showing the dwarfing cause^ 
by constitutive expression of ATHl in 90 days old tobacco 
plants ; 

Figure 6 is a graph showing the effect of 
gibberellin treatment on the height of tobacco plant s 
overexpressmg ATHl ; 

Figure 7 is a bar graph shewing flowering time (in 
term^s of number C'f rosette leaves formed) for under- and 
over-expressors c^f ATHl in comxar iscn with wild- type 
ArabidcxDsis (C24 ecotvoe) . 



General Methods 
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Pianr mane rial and plant grcwrh ccr.di:: ions 

The v;i Id- type genet ypes used v;ere Arabidcpsis thaliana 
3 Colurr.bia and C24 . The ATHl gene is located on chromosome 4, 
between tne RFL? markers mi431 (96.9 clO and 06455 (97.9 
cM) . Arai::idcpscs thaliana CDlumbia was used an plant 
t ransform.aticn exper im.ent s using the vacuum mfiltratron 
protocol, while Arabidcpszs thaliana T24 was used m plant 
10 transformation experim.ents using the root transf orm.at ion 
protocol . 

Plants were grown in a growth cham.ber under fluorescent 
light with a photoperiod of 16 hours followed by an 3 hours 
15 dark period at a continuous temperature of 22 °C . 

To m.easure flowering time seeds were imbibed and placed at 
4°C for 4 days to break dormancy and were then sown on 
soil. Germinating seedlings were usually covered with 
20 propagator lids for the first 1-2 weeks to prevent 
dehydration . 

Transformation of Ajr3±>±dops±s plants 

25 Binary constructs containing chim.eric ATH1-GU3 genes and 

35S-antisense ATHl genes were transformed into Arabldopsis 
thaliana ecotype C2 4 using the Agrobacterlum turns faclens- 
mediated root transf orm.ation method of Valvekens et al. 
(1988). Trans formants were selected on m^edium containing 5C 

30 mg/1 kanamycin . 

Binary constructs containing chimeric 35S-ATH1 genes were 
transformed into Arabidcpsls thaliana ecotype Colum.bia 
using the vacuum infiltration protocol (Bent et al. (1994) 
35 Eechtold et al. (1993)) with some modifications. Plants 
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were crcv/n separa::eiy m 5.5 cn\ poi:3. Plants v;ere 

rransformed afrer appearance of zhe firs:: srliques on the 
secondary belts . 



10 



15 



30 



900 rr-l ::ultures of Aarobaczerium vumefaciens conuaining the 
apprC'pr lane construct were crown the night before the day 
of infiltration, cells w^ere harvested by centrif ugat ion and 
resuspended in an equal volurrie of Infiltration ir.ediurri, 
containing 2% instead of 5% sucrcse. Plants were 
infiltrated by submerging entire rosettes and bolts for 10 
minutes under a vacuum pressure of lOOirjn Hg . 

Trans formant seeds were selected on m.edium containing 50 
mg/1 kanamycin . 

EXAMPLE 1 



ATHl expression analysis 
20 Total RNA isolation 

Total RNA from plants was isolated according to De Vries et 
al. (1988) with some minor modifications : ( 1 ) plant tissue 
was ground in liquid nitrogen m the presence of half the 
25 volum.e of phenol/extraction buffer and heated to GS^'C in a 
water-barh and (2) the RNA was ethanol /Na-acetate 
before and after LiCl precipitation. 



RNAase protection analysis 

The Hmdlll-Xhol fragmtent of phagem.id ATHl was cloned into 
pBluescriptSK (-) (Stratagene) and digested with Hindlll to 
produce a T7 RNA polymerase template. The ATHl RNA probe 
protects a fragment of 140 nt . RNA probe was synthesized 
bv using T7 RNA pol\mr.erase (Pharm.aciaj and buffer as 
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cescribea bv rne iT^.anu i ac t u r e r , ei^cepz tnat: 16u uCi cr ^ 
37?;UTF (3C0 Ci/rT;xcl) was useo. RNAase protection was done 
b'/ using 10 of total R!^A and ICug of tRNPv accorcmg to 
" :\ e p r o t o c o 1 o e £■ c r i b e a b y 3 a xb r o o k 
aiaested n^xture contained 600 cni: 
5R1) and 20 ug/T:l RKAase A ( Boehr inqe r ; . RI:A : RNA hybrids 
v;ere anaivzed by sequence gel electropnc-resis (b% 
o::lvacrvlarriide/ 7M urea) and visualized by autoradiography 



10 



25 



30 



al . (1989) . The 



Construction of chimeric ATHl-GUS constructs 



A S^cel-ls^col fragment containing approximately 1300 
nucleotides of ATHl promoter sequence was isolated. After 
filling in the Ncol site with Klenow-polymerase , this 
15 fragment was inserted into the unique Smal/Xbal sites of 
the pBilOl.l binary vector which contains the GUS gene 

(Jefferson et al,, 1987), creating a translational fusion 
between the ATHl promoter and the GUS gene. The protein 
encoded by this chimeric gene consists of 42 aa of ATHl 
20 fused to the GUS protein. The binary construct was called 

tHl.4. tHl.4 was transformed into competent Agrcbacterium 

Lumefaciens LBA4 4 04 cells (Gelvin and Schilperoort , 1988) . 

Arabidopsis lines (ecotype C24) were transformed as 

described below. 



In situ localization of GUS activity in transgenic ATHl-GUS 
Air^ldapsls tha.l±ana, lines 

Seedlings and plant tissues were collected and stained for 
1 to 16 nours at 37°C in a solution containing C.5 mg/ml X- 
21uc (Biosvnth AG) dissolved in n-dimiOthy 1- f ormamide , 0,1% 
Triton X-100, 0.5 ml^: K4 Fe (CN ) 6 . H20, G.5 mM K3Fe [C:]) 6 and 50 
mM sodium phosphate buffer, pH 7.2. 



35 Light microscopy 
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10 



15 



Afuer X-Giuc sraming, plant tissues were fixed overnighr 
m a sclu::icn ccnraininc 1% clur araidehyde and 4% 
formaldehyde in 5GrT\H sodiurr; phosphate buffer, pH '^.2. 
Subsequently seedlings were dehydrated in gradual steps: 
10%, 30%, 5C%, 70:, 90% and 2x 100% ethanol . Large plant 
tissues were pre-embedded first in 1% agarose (Sigma] . 
Infiltration anc embedding in Technovite 71C0 (Kulzer, 
Hereaus) was perfcrm.ed as instructed by the m.anuf acturer . ^ 
pm sections were made on a Reichert- Jung 1140 rotary 
carrying a disposable Adams steel knife. Sections were 
stained with 0.1% Ruthenium^ red (Sigma) m distilled water 
for 2 minutes at room temperature and photographed on a 
Zeiss Axioskop using Kodak Professional Ektar 25 film. 



Seedlings were fixed and dehydrated as above. Technovit 
7100 was infiltrated for 1 day. The seedlings were then 
transferred to a construction of celluloid transparency 
(Am.cvis), double-sided tape, transparency, double-sided 

20 tace. in the latter three layers a central region was 
excised to contain the seedling. Subsequently the 
seedlings were added in Technovit 7100 solution and the 
central region was covered by another transparency. Upon 
overnight polymerisation at room temperature a plastic 

25 platelet containing the seedling was obtained. In order to 
section embedded seedlings in the platelet, the celluloid 
sheet material was rem.oved and the platelet was cut to 
allow longitudinal sectioning of relevant seedling regions. 
Sectioning, staining and photographing was performed as 

30 described above. 

Localization of ATHl expression 

The expression of the ATHl gene was analyzed using RNA-ase 
protection analysis (juaedvlieg et al., 1995;. High levels 
35 of ATHl m.RriA were detected during early seedling 
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deveicpmenr. (days 2-6) and m flowers cf manure Arai:)idcpsis 
pianrs. Tne cellular locali za^iicn cf ATHl gene expression 
was dererrnmed by introduction of the chiir.eric ATHl-GUS 
construct tHl.4 rn Arabidopsis zhaliana. Different oissues 
were stamea with X-gluc, and whole Tiount preparations and 
^ i s s u e 5 e c 0 i c n i n o were rr.a d e t C) visualize G U S a o o i v 1 1 v' s e e 
belov;) . 

ATHl expression during vegetative development 



10 



The shoot apex of a 5-day-old light-grown seedling is flat 
and consists of a two-layered tunica enclosing the 
subjacent corpus. At this stage, the meristem has initiated 
the primordia of the first leaf pair (Mischke and Brown, 
15 1965) . 



25 



f the 



In plants transformed with tHl.4, high levels of GUS 
activity were present in the shoot apex. Sectioning o 
shoot apex showed that the high GUS activity is shown in 
20 all three layers cf the shoot apical meristem and extends 
through the subapical region, proceeding down to where the 
vascular strand of the hypocotyl branches into the 
cotyledons. High levels of GUS activity were also present 
in the primordia of the first leaf pair. 



ATHl expression during floral transition and inflorescence 
de ve 1 opme n t 

Initially, during the inflorescence phase, the shoot apical 
30 meristem gives rise to stem., cauline leaves and secondary 
inflorescences. As inflorescence development proceeds, the 
inflorescence meristem produces flower prim.ordia. In plants 
transformed with tHl.4, GUS activity was downregula ted in 
the inflorescence meristem during the transition phase. 
35 There was no GUS activioy detectable in the meristem. Low 



wo 98/51800 



-21- 



PCT/IB98/00821 



levels of GU3 acrivouV v;ere preseno m the rib ocr^e. Later 
when f lov;er3 arose , Glo aotrvir y was p:resent in different 
parts of the young flower (receptacle, sepals and vascular 
tissue of stamen) 

EXAMPLE 2 

Construction of promoter fusions to the ATHl open reading 
frame 

10 

The ATHl cDNA is cloned intc^ the unique EcoRl/XhoI 
restriction sites of the well-known and cominercially 
available pBluescript SK(-) vector ( S t r at agene ) . 

15 2.1. A CaMV 35S promoter fusion to the ATHl open reading 
frame 

A BamHI/SnaBI fragment containing 1573 nucleotides of ATHl 
cDNA sequence (the BamHI site was created by PGR 

20 mutagenesis, 35 nucleotides downstream of the translation 

start) was isolated and inserted into the unique BamHl/Smal 
cloning sites of pWP90-vector , which contains a double 35S 
CaMV promoter and a NOS terminator (see Figure 2), 
resulting in a transcriptional fusion between the double 

25 35S CaMV promoter and ATHl cDNA. This construct, called 

cHl.24, was then cut with Sstl/EcoRV restriction enzymes, 
followed by insertion of the resulting Sstl/EcoRV insert in 
the unique Sstl/Smai restriction sites of binary vector 
pMOG23 (see Figure 3). The binary construct was called 

30 tHl . 2 . tHl . 2 was transformed into competent Agrobaczerium 
tumefaciens pGV2260 cells (Caplan et ai., 1985) cells. 
Arabldopsis lines (ecotype Col-0) were transformed via 
vacuum infiltration as described below 
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2.2 Construction of a CaMV 35S promoter fusion to 
the antisense ATHl frame 

5 An E;coRI/Sna31 f ragmen-: containing apprcxirr.ateiy 
1350 nuclecrides of ATHl cDNA sequence was 
isolated and inserted into the unique Srnai/EccRl 
cloning sites of pVv'F90 vector (see Figure 2), 
resulting in a transcriptional fusicn betv;een the 

10 double CaMV 353 prom.oter and the antisense ATHl 
frame. The resulting construct was called cHl.22. 
An EcoRV/SstI insert of cHl.22 was then cloned 
into the unique Smal/SacI restriction sites of 
the binary vector pMOG23 (MOGEN) (see Figure 3) . 

15 This * binary construct , called tHl . 1 , was 
transformed into competent AgrohacteriUiTi 
zumefaciens LBA4404 cells. .Arabidopsis lines 
(ecotype C24) were transformed as described 
below . 

20 

2.3. A heat shock promoter fusion to the ATHl open reading 
frame 

By PGR mutagenesis, an additional BamHI site was 
25 created in pTT19, a vector containing the 
promoter, leader and 77 nucleotides of coding 
sequence of the Arabidopsis thaliana Hspl8.2 heat 
shock gene (Takahashi and Kcmeda, 1989) . The 
additional BamHI site is located in the Hspl3.2 
30 untranslated leader at nucleotide -710 of the 
HsplS.2 translat ional start. 

Bv restriction digestion with BamHI the 5' 
untranslated leader and 7"^ nucleotides of Hspl8.2 
35 codina seauence were removed. The rem.ainmg 
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ccnstruc- was called leaderless pTT19. A 
H:LnGlII/BanHI fragment cf this leaderless pTT19, 
containinc: only Hspl8.2 prcmorer sequence, was 
fused to a BanHI/EccRI fragT.eno conoaining the 
entire ATHl oDNA sequence, which results m a 
transcriptional fusion of Hspl8.2 prcmcoer with 
ATHl 5' untranslated leader and coding sequence. 
The 3aniHl and EcoRI sites were created by PGR 
n^.utagenesis , resulting in a BamHI restricticn 
site at the beginning cf the ATHl cDNA sequence 
and a EcoRI restriction site irrjnediately 
downstream cf the TAJ\ stop codon. The resulting 
Hindlll/EcoRl fragment was inserted into the 
unique Hmdlll/EcoRl restriction sites of pWP90 
vector, (see Figure 2) and this new construct was 
then parTiially digested with Hindlll and EcoRV 
restriction enzymes. The largest Hindlll/EcoRV 
restriction fragment was then inserted into 
Hindlll/Smal cut binary vector pBIN 19 (Frisch et 
al.r 1995). This construct was called HspHl. 



A transcriptional fusion between Hspl8.2 promoter 
and ATHl coding sequence without leader sequence 
was also made. In ATHl cDNA an extra BamHI site 
was created by PGR mutagenesis immediately 
upstream of the t ranslat ional start. Digestion of 
this BamHI site combined with digestion of the 
unique Xhol site in ATHl cDNA results in an 
fragment of approximately 680 nt, containing ATHl 
30 coding sequence. This fragment of 680 nucleotides 
was swapped with an approximately 980 nucleotides 
large fragment that is form.ed after digestion of 
HsdHI with Bam.HI/XhoI restriction enz\^.es. This 
results in HspHlB, a transcriptional fusion 
35 between leaderless ATHl coding sequence and the 
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H s p 1 S . 2 p r ciTiO zer , 

Eorh HscHl and HsoHlB were t rans f orTied ro cc-penenr 
Ac:robacteriur: zi:inefacie:zs LBA4 4G4 cells. Arabldopsis lines 
(C24 ecorype) v;ere r r ans f crr:\ed as described relow. 



2.4 Fusion of the pea plastocyanin promoter to 
the ATHl open reading frame 

10 A t ranscrip rional fusion between pea plastccyanm 
prcr.oter and ATHl coding sequence can be made by 
insertion of ATHl coding sequence mtC' the unique 
BamHl and Sail resriction sites of pVDH275 (Pwee 
and Gray, 1993; Last and Gray, 1989) (see also 

15 Figure' 4). In ATHl coding sequence additional 

Sail (immediately upstream of ATHl start ATG) and 
BamHI (immediately after ATHl stop TAA) 
restriction sites can be created by PGR 
mutagenesis. The resulting construct in which 

20 ATHl coding sequence is inserted between pea 
plastocyanin promoter and Agrobacterlam nos 
terminator, can be transformed to Agrobacterium 
tumefaciens cells, followed by plant 
trans format ion . 

25 

Introduction of extra ATHl copies in Arnhldopsls 



Extra copies of ATHl can be introduced in 
A.rabidcpsls plants by transforming them with 

30 extra ATHl loci containing ATHl promoter and ATHl 
coding sequence. This can be done by rusion of 
the approximately 1000 nucleotides large 
Sna3I/NccI fragment of ATHl cDNA to the 
approximately 250 nucleotides large Sstl/EccRI 

35 restriction fragm.ent of pBIlOl.l, containing the 
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Agrobacterium ncs teriT^.inarcr (Jeffers:2n et al,, 
1987). The resulrir.g fragmer.:: can oe fused to the 
apprcximarely 3.5' ?:b large Ncol restriction 
f r a giT.e n z c f ATH 1 gen oni c c 1 ^ n e ( Q u a e d v 1 i e g e t 
5 al.f 195f) . The so formed approximately 4750 

nucleotides large KcoI/EooRl fragment, containing 
ATHl prc^rr;C't er , ATMl cc'ding sequence and nos 
terminator, can be inserted into NcoI/Eco'RI cut 
pMTL23 cloning vector (Cham.bers et al., 1 963). A 
10 Stul/Eccr'I restriction fragment of the resulting 
construct can then be inserted into EcoRI/Smal 
cut pMOG2 3 binary vector, Agrobacterium cells can 
be t ransf c-rmed, subsequently followed by plant 
trans format ion . 

15 

EXAMPLE 3 

Influencing flowering characteristics using a CaMV 35S 
promoter/ATHl gene fusion 

20 Measurement of flowering time 

Flowering time was measured by counting the number of 
leaves, excluding the cotyledons, in the rosette at the 
time the flower bud was visible. A close correlation 
25 between leaf number and flowering tim.e has been previously 
demonstrated (Koorneef et al . , 1991; Bagnall (1993)). 

Overexpression of ATHl leads to delayed flowering. 

30 In order to gam m.ore insight into the role of ATHl in 

plant development, the full lengtn ATHl cDNA. sequence was 
fused to the constitutive 35S prc^mioter of cauliflower 
m.osaic virus and the 35S::ATH1 chimieric gene so produced 
was transformed intc^ Arabldopsis Col-0 ecctype via the 
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vacuum infilrraricn rrierhcd. Six independent primary 
t r a n s f o r m a n r s v; e r e a. b r a i n e d . 

Ail these trans gem a lines v;ere selfed. Frcm each 
5 mdeoendena transgenic line 4 0 indavidual seeds were 
germinated on seal and scored for altered phenotypes 
compared to v;iid-type plants. Four out of six lines showed 
a phenctvpe altered m respect of flowering time. In 
tnree c-f these lines all plants v;ere late flowering (about 
10 14 rosette leaves up to flowering compared with about 10 
rosette leaves m wild-type Col-0 plants) . In the 
remaining line about 85 % of the plants showed this same 
late flowering phenotype, while 15 % of the plants showed 
an early flowering phenotype (after about 7 rosette 
15 leaves), as tested due to the absence of ATHl RNA . These 
early flowering plants also shew a terminal flower 
phenotype, often with incomplete flowers and mutant flower 
organs . 

20 EXAMPLE 4 

Early flowering by antisense expression of ATHl 

Like ectopic overexpression of ATHl, inhibiting the ATHl 
gene function can also can be used to influence time of 
25 flowering. Inhibition of gene function was effected by 
constitutive overexpression of antisense ATHl . 

Full length antisense ATHl cDNA was fused to the 
constitutive 35S prom.oter of cauliflower mosaic virus and 

30 the 35S : : ant isense ATHl chimeric gene so produced was 

transformed into Aratidopsis C24 ecotype via the Valve kens 
root t ransiorm.ation protocol . Twenty-two independent 
transf orm.ants were obtained and all of them were selfed. 
From each line 10 individual seeds were germinated on soil 

35 and scored fo^r altered phenotypes ccmipared to w^ild-type C2 
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nes, the plants showed an early 
rng starred after fcrrriaticn cf 
leaves ooT:oared to about twenty 



EXAMPLE 5 

Altering flowering t i me i n Ni cot 1 ana ta Joa cvm o y 
10 over expres s ion cf ATHl 

As in Arabidopsis r ectopic overexpression of ATHl cDNA 
(driven by the 35S promoter of cauliflower mosaic virus) 
in tobacco {Nicotiana tahacum cv. Samsun) also led to a 

15 delay in flowering time compared to wild-type tobacco. In 

35S::ATH1 tobacco plants, flowering was delayed by weeks or 
months. These plants were also dwarfed. This dwarf habit, 
like the flowering phenotype, is clearly correlated with 
the level of expression of the transqene. In the severest 

20 case plants did not flower at all and only reached one- 
fifth of their norm.al height, whereas m less severe cases 
plants were delayed m flowering for only one or two weeks 
and reached about four-fifth of their normal height. Leaf 
number and shape were normal in all these transformed 

25 plants. 

EXAMPLES 6-8 

The following Examples illustrate the effect of GA on 
transgenic plants according to the invention. As noted 
30 above, ATHl overexpression effectively represses bolting 
(floral induction). We hypothesised that ATHl may be a 
repressor of GA synthesis or the GA response pathway (we 
think the former) . The following Examples dem.onstrate and 
support this hypothesis. 



35 
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General Methods 

Tobacco plants {Niccziana zabacum L. cv. Samsun NN) v;ere 
oransformed using one leaf aisk procedure fHorscii eo al., 

> 1 Q 8 S . T r a n s c e n i c 1 a n o s were selected c; n M S - me d 1 un~i 

(Murashige and Skoog, 1962) containing 300 r.g/T.l kanamycm 
and 2-5 sucrose. After transfer to soil plants were grown 
in a Greenhouse at 22 °C under a light regin:^.e of 16 hours 
daylight wnen necessary supplemented with artifisial lignt. 

10 The effects of gibberellm (GA) were tested by f:liar 
applications (spraying) of lOOmM GA3 in a solution 
containing lOOml/1 of Triton X-ICO. Control plants were 
sprayed with a solution containing only lOOml/1 of Triton 
X-100. Spraying began 60 aays after sowing when the v.-ild- 

15 tvpe O'lants were approximately 5 cm. tall and the 35S 

CaMV: :ATH1 plants apprcximiately 2.5 cm tall, and continued 
at 3- to 4- day intervals. Plant height was measured every 
3 to 4 days and this will be continued until the onset of 
flowering, as determined by the appearance of flower 

20 primordia. 

EXAMPLE 6 



Constitutive overexpression of sense ATHl leads to delayed 
flowering . 

25 

6.1 ATHl over-expression in tobacco 

In order to express the ATHl gene constitut ively in 
transgenic plants, its coding region was put under the 

30 control of the 35S CayiV prcm.oter and the resulting 

construct was transformed to tobacco iMlcotiana tabacum cv . 
Sam.sun NN) . Forty independent kanam.ycin-resistant plants 
were obtained, of which only five shewed detectable 
transgene expression. ATHl m.RI^A levels varied from high in 

35 H1CE#4, #10 and #30 plants to mt ermedia t e / low levels in 
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H10Er3 5 and #37 planrs . Decendirig cn ATHlexpressicn level, 
flowering or rnese plants was delayed by weeris up to 
Tionths, when oorr^pared to wild-o\xe plants, which flower 
after 3-5 months d e p e n a m g on t ri e season , In the severest 

5 case (H1CE#4; plants never flowered until senescence (>15 
rr.onths after sowing). H1CE#10 and #30 plants, vmich shC'W 
hich ATHl expression, flowered after 15 months, wlnile 
olants showing the intermediate/lov; overexpressxon, H10E#35 
and 37, did not flower until after 5 months. As well as 

10 altered flowering-time phenotype, ATHl overexpressor plants 
show reduced stem, growth, resulting in dwarfed plants. Here 
there is a clear co^rrelation between severity of the dwarf 
growth p-henotype and the level of transgene expression (see 
Figure 5). In the severest case plants only reach about 

]5 one-fifth of their normal height. The leaf number varies 
from two times higher than wild type to norm.al in all 
t ransgenes . 

6.2 ATHl overexpressicn can be reversed by GA3 

20 

ATHl overexpressicn phenctypes can be reversed to a wild- 
type phenotype by application of GA3 . Foliar application 
of GA3 to the tobacco planrs of Example 6.1 (spraying of 
100 mM GA3 at three to four day intervals) results in 
25 complete restoration of the wild-type stem length (Figure 
6 ) . This holds also true for the late- f lower ing 
phenotype (data not shO'Wn) . 



EXAMPLE 7 



ATHl over-exoressicn in Arabldcpsis 



In order to gain more insight into the role of ATHl in 
olant developm.ent , the full length ATHl cDNA was fused to 
he constitutive 353 promoter of cauliflower m.osaic virus 
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and the 35S::ATH1 chirreric gene was transfcrT.ea mro 
Arabidcr::s is via the vacuuni ir.f iltraticn method. Six 
independent primary t rans f ormant s could be cbramed and all 
transgenic lines were selfed. From each independent 
5 oranscenic line 4 0 individual seeds were germinated and 

scored for altered phenctypes ccm.pared to wild type pianos. 
Four out CI six lines showed an altered phenotype in 
respeco of flowering time. Seeds from these lines did not 
germinate well and if they did plants were arrested in a 
10 seedling stage. Both effects could be overcome by 

transferring the plants to growth medium, containing 10-5 M 
GA3 and growing them on this medium for three days. Once 
rescued and transferred to soil plants developed norm.ally, 
except for a late flowering phenotype. Under short day 
15 conditions transgenic plants form much more rosette leaves 
(vegetative leaves) than wild type plants (about 40 rosette 
1 -ives and 100 days after germination, and plants are still 
nv 1 flowering, compared to about 30 rosette leaves in wild- 
type plants until flowering) . Under LD conditions in most 
20 of these plants a partial generative to vegetative 

reversion occurs, shown by the formation of aerial rosettes 
(vegetative leaves) on the inflorescence stem. Plants 
(C24 ecctype) containing an extra copy of the ATHl cONA 
under control of the Hspl8.2 heat shock promoter (HspHlB 
25 plants) also show a late-flowering phenotype. Even without 
a heat shock (it is known that this promoter has a basal 
activity without induction) plants harboring this construct 
flcwer m.uch later under LD conditions than wild-type plants 
(30.5 rosette leaves formed in wild-type vs. 61 rosette 
30 leaves form.ed in HspHlB plants - see Figure 7). 



EXAMPLE 8 



Earl V flowering by ant isense expression of A.THl 

35 
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Like ecrcpic overexpression of ATHl, kncckinq cut the ATHl 
gene funcricn can also give insighra inro the function C'f 
ATHl in planr develcpnent . KnocKing our gene funcoion was 
esoablished by consoituoive overexpression of anoisense 
5 ATHl. Full lengrn antisense ATHl oDNA was fused oo the 
conszituoi ve 35S promotier of cauliflower nr.osaic virus and 
the 35S : : anoisense ATHl chimeric gene was transformed inro 
Arabidcpsis C24 ecctype via the Valvekens root 
r r ans formation protocol . Twenty- rwc independent 

10 t rans f orm.ant s were obtained and all of them were selfed. 

From each line 10 individual seeds were germinated on soil 
and scored for altered phenotypes ccm.pared to wild type C24 
plants. In five of these lines planrs showed an early- 
flowering phenotype: flowering starred after formation of 

15 about ten rosette leaves compared rc^ abcur thirty leaves in 
wild type plants (see Figure 7). 

Example 9 

Shade avoidance response 

20 When plants grow in close proximity shade avoidance 

syndrome, m which plants react to lowered red/far-red 
ratios of light caused by filtering out red light by leaf 
canopy, is manifested. This results in a rapid and dramatic 
increase in the extension growth of stems and petioles at 

25 the expense of leaf growth, storage organ production, and 
reproductive development, thereby causing a decrease in 
harvest index (where harvest index is expressed as leaf 
biom.ass as a proportion of total biomass) . 

The shade avoidance response is thought to be predominantly 
30 mediated by phytochrome B and overexpression of phytochrome 
has been shown to eliminate the shade avoidance response, 
resulting in an increase of harvest index of field-grown 
tobacco (Robson et al,, 1996) . 

Lack of phyrochrcm.e B also leads to loss of shade avoidance 
35 response and under inductive conditions this even results 
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m a reduction cf stem elcngaticn cciTipared with ncn- 
inductive ccnditicns . 

In the laboratory, situations causing the shade avoidance 
response can rnimicked by addition of different fluence 

5 >;3t:es of far-red light (Fro) to continuous white light 

(Wc) . Under these conditions wild-type Arabldopsis plants 
(C24 wt) show a typical shade avoidance response (elongated 
hypocotyls in VJc + Fro compared with hypocotyl length m Wc 
only), whereas the phytochrome B photoreceptor mutants, 

10 which lack the shade avoidance response, exhibited an 
cDposite response (decrease cf hypocotyl length) . The 
antisense AtHl plants also show a reduction in hypocotyl 
length and in the most severe antisense plants (asAtKl#3) 
this reduction is similar to that seed m phyB mutants. So, 

15 it can.be concluded that like lack of active phytochrome B 
loss of Athl results in loss of the shade avoidance 
response . 

Shade avoidance analysis of antisense AtHl plants (asAtHl), 
C24 wild-type plants (C24 wt) and the phy B photoreceptor 
20 m.utant (phyB) is listed below. Seedlings where grown for 2 
days in continuous white light followed by 4 days in the 
same light regime or by 4 days in white light supplemented 
by far-red light. The hypcototyl length was measured after 
6 days of growth. The following results were generated. 

25 

C24wt Wc hypocotyl length 5 . 5 mim 

Wc + Frc = hypocotyl length 7.5 mm 



Phy B 



Wc = hypocotyl length 9.5 mjn 

Wc + Frc - hypocotyl length 7.3 mm 



Anti-sense Wc 

AtHl #3 Wc + Frc 



hypocotyl length 9.0 mm 
hypocotyl length 5.0 mm 



Anti-sense Wc = hypocotyl length 9 . 3 mm 
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hypocotyi lengrh 



0 rciiTx 



Ant i -sense Wc 
AcHl#2 3 VJc + 



hypococyl lengtn 7.5 mm 
hvoccoryi lengrh 7.0 rcsn 
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WE CLAIM: 



10 



15 



1. A plant cene construct comprising a complete or partia. 
DNA sequence codma for an ATHl gene produco under the 
conorol of a promoter functional m plants. 



)iant: gene consrruct as claim.ed :-n claim 1 in which 
the promoter is heterologous. 

3. A plant gene construct as claimed in claim 2 in which 
the promoter is constitutive. 

4. A plant gene construct as claimed in claim 2 in which 
the promoter is inducible. 

5. A plant gene construct as claimed in any of claims 1-4 
in which the complete or partial DNA sequence is homologous 
with the DNA sequence shown in Figure 1. 

20 6, A plant gene construct as claimed in any of claims 1-5 
which IS adapted to express RNA antisense to RNA produced 
by the ATHl gene. 

7. A plant gene construct as claimed in any of claims 1-5 
25 which is adapted to express RNA homologous to RNA produced 

by the ATHl gene. 

8. A plant cell transformed with a DNA construct claimed 
in any of claims 1-7. 



30 



9. A plant cell as claimed in claim 8 adapted to express 
RNA that produces 



recombinant ATHl protein in the cell 



10 



15 



20 



25 



30 
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IC. A pianr cell as clamed m claim 8 adapred zo express 
RNA that inhibits the production of ATHl protein in the 
cell . 

11. A plant ccmprising t r ans f orrr.ed plant cells as clairr\ed 
in any of clairr.s 8-10. 

12. A plant as claimed in claim 11 which is a crop plant. 

13. A plant as claimed in claim 12 which is rice, maize, 
wheat, barley, oats, rye, lettuce, endive, oilseed rape 
(canola), sugar beet, sunflower, soya or sorghum. 

14. A plant as claimed in either of claims 12 or 13 
adapted to produce recombinant ATHl protein. 

15. A process for modifying flowering in plants which 
comprises transforming the plants with a construct as 
claimed in any of claims 1-5. 

16. A process as claimed in claim 15 whereby the flowering 
process in plants is promoted by transforming the plants 
with a construct claimed in either of claims 6 or 7 that 
inhibits the production of ATHl protein. 

17. A process as claimed in claim 15 whereby the flowering 
process in plants is retarded by transforming the plants 
with a construct claimed in claim 7 that promotes the 
production of recombinant ATHl protein. 

18. A process for inhibiting over-expression of ATHl in 
plants claimed in claim 14 which com.prises treating the 
plants with a gibbereilin. 
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19. A process as claimed in claim IS in which the 
gibberellin is A3 or A4 / A7 . 

20. A plant: DNA construct comprising the ATHl promoter 
linked to heterologous DNA so as to cause transcription 
thereof in plant cells. 

21. Plant cells transformed with a construct claimed in 
claim 20 . 

22. A plant lacking a shade avoidance response 
comprising: a plant transformed with a transgene wherein 
said transgene induces a shade avoidance response in said 
transformed plant. 

23. A plant according to claim 22 wherein said 
transformed plant is formed from a wildtype plant which has 
a shade avoidance response. 

24. A method of producing a transgenic plant that lacks 
the shade avoidance response of a wildtype plant, 
comprising : 

forming a construct having a complete or partial DNA 
sequence coding for an ATHl gene products- 
transforming said wildtype plant material with said 
construct ; and 
forming plants therefrom. 
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FIG. 7 

FLOWERING TIME OF ATHl TRANSGENE5 

70 



61 




10.5 



WILD TYPE C2A HspHIB 35S::asATHl 
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